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∂U
∂t
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∂F (U)
∂x
= Q(x,U), ∀x ∈ D ⊂ R, t > 0
U(x, 0) = U0(x), ∀x ∈ D.
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∂t
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∂x
= −dz(x)
dx
, ∀x ∈ D ⊂ R, t > 0
u(x, 0) = u0(x), ∀x ∈ D.
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g∫
∂R
(Unt + F (U)nx) dσ =
∫
R
Q(x,U)dσ,
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U(x, tn)dx+
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F (U(xj+ 1
2
, t))dt+
∫ x
j+1
2
x
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U(x, tn+1)dx−
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2
, t))dt =
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U(x, tn)dx.
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−∆xjUnj + ∆tnφ(Unj , Unj+1) + ∆xjUn+1j −∆tnφ(Unj−1, Unj )
=
∫ tn+1
tn
∫ x
j+1
2
x
j− 1
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Q(x,U)dx dt.
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Un+1j = U
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j − rn,j
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+ ∆tnQ
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Q(x,U)dxdt.
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|Q(Unj , Unj+1)|(Unj+1 − Unj ).
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∂F (U)
∂x
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∫
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N

>*C9DFE/G9H-A U¯ =

u¯1
u¯2
u¯3

I

H-G&7>*G9Gw@&E^L@)Ù.I-H-WH-DFE7|(E/GE/GwD6AF{7E
Î
Ó,LG&|7E.L*|WI-H-G&{LH-AFEÇ IJE7|WH-GwÅLA6H]LGwDF|N9E.Õ(HJE/VLG9G |M>*GwDIJE7|	ÅLA6H]LC9IJE7|VLAML*/DF{/A6HJ|6D6HJ~p@&E7| vn1,x0
Ç
vn2,x0
Ç vn3,x0
Î
ÓaE ,
Î
#ﬀ>*G >*C9D6HJE/GpDBN9>*G&
vn1,x0 = −u¯1 − 5u¯2 + 4u¯3 = W1(U).  ,
Î
 ﬀ
B@.C?>*AFN x = xl
ÇÛ7>*WE λ1 < 0
Ç)H-I "L@9D@9G&E,7>*G&N)H-D6HJ>*G |6@9A v1(xN , t) = v˜1
E/D±H-IG

ÆUL^=L*|±N9E
7>*G&N)H-D6HJ>*G1^H-W=?>|FE/AB|6@9A v2
E/D v3
Î
ÓaE,/EÇ&>*GL
~V nxN =

vn1,xN
vn2,xN
vn3,xN
 =

v˜1
vn2,xN−1
vn3,xN−1
 =
1
2

−u˜1 − 5u˜2 + 4u˜3
−un1,xN−1 − un2,xN−1 + 2un3,xN−1
2un1,xN−1 + 4u
n
2,xN−1
− 4un3,xN−1

=
1
2

v˜1
−u˜1 − u˜2 + 2u˜3
2u˜1 + 4u˜2 − 4u˜3
 .
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Î
54 ﬀ
ÈÉ>*WEU=9AF{77{7N9E/WE/GpDÇ ,
Î
54 ﬀ^N9>*G9G&EU@9G |6Æ)|6DFÍ/E;N9>*GwDI]L AF{7|F>*I-@9D6HJ>*G =¯E/A6E/DN
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>*C9DFE/G9H-AWI]L
ÅLIJE/@9A}E/G |F>*A6D6HJE U˜
Î
ÓaE ,
Î
54 ﬀ$Ç&>*G >*C9D6HJE/GpD
−u˜1 − u˜2 + 2u˜3 = −un1,xN−1 − un2,xN−1 + 2un3,xN−1  ,
Î
 B ﬀ
⇒ 2u˜1 + 4u˜2 − 4u˜3 = 2un1,xN−1 + 4un2,xN−1 − 4un3,xN−1 .  ,
Î
 ﬀ
!
H>*GU7>*G9GLH-D u˜1
ÇÛI]LOÅLIJE/@9A±N9E u˜3
|FE/AML©LIJ/@9IJ{7E$½=LA6D6H-A(N9E}I]L©AFE/I]LD6HJ>*G  ,
Î
 ﬀ E/DÉH-GpÅ E/AF|FE/E/GwD
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AF{LI-HJ|F{7E7|
Î
Þn>*@9ABI

E$Ù)E/W=9IJE7|B=9AF{7|FE/GpDF{½N&LG&|}7E/D6DFEO=LA6D6HJEÇ>*G L^@9D6H-I-HJ|F{OIJE7|}|FMÌ&{/VL*|}N9EOÕ}@&|MLG&>Å¯Ç
N9EOÕB>pEaE/D
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Ú
G@9D6H-I-HJ|MEOIJEO>ÛN9Í/IJEO=9AF{7|ME/GwDF{^N&LG&|}I

E$Ù9E/W=9IJEO=9AF{77{7N9E/GpDÇ¯L*|M|F>*A6D6HnN9E7|B7>*G&N)H Ê
D6HJ>*G&|}H-G9H-D6H]LIJE7|
g
U(x, 0) =

2
1
3
|6H x ≤ 0, U(x, 0) =

0
2
1
|FH x > 0,
E/D(N9E7|}7>*G&N)H-D6HJ>*G&|L@)ÙUI-H-WH-DFE7|
g
E/G.E/GpD6AF{7E
g
>*GUH-W=¯>|FE u¯1 = 1
E/D u¯2 = 0
E/DI]L©Å*LIJE/@9A±N9E u¯3
E7|6D±LIJ/@9IJ{7Ea=LAI]L©AFE/I]LD6HJ>*G
 ,
Î
 ﬀ
Î
E/G;|F>*A6D6HJE
g
>*GVH-W=¯>|FE u˜3 = 2
E/D IJE7| ÅLIJE/@9AF| N9E u˜1
E/D u˜2
|F>*GwDLIJ/@9IJ{7E7|É=LA IJE7| AFE/I]LD6HJ>*G&|
 ,
Î
 B ﬀ±E/D  ,
Î
 ﬀÉAFE7|6=¯E7/D6H-Å E/E/GwD
Î
Ú
GT7>*W=LAFE½IJE7|B|F>*I-@9D6HJ>*G&|BGw@9{/A6HJ~p@&E7|N9>*G9G&{7E7|B=LA}IJE7||FMÌ&{/VL*|
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Õ"ﬁLÅ E7 αn
j+ 1
2
=
1, 1 ﬀ$Ç¯N9E©ÕB>pE©E/DN9E^Õ(@&|MLG&>Å?Ç VI]L|F>*I-@9D6HJ>*GLGLI-ÆÛD6HJ~w@&E^>*C9DFE/Gw@&E t = 1 | 3Å >*H-A}Ý&K@9AFE7|  ,
Î
#ﬀ$Ç
 ,
Î
 ﬀE/D  ,
Î
4 ﬀ ﬀ
Î
Ú
G7>*G&|FDMLDFEV~p@&E	IJE7|½7>*G&N)H-D6HJ>*G&|^N9EWC?>*AFN9|½|F>*GwD©C9HJE/G=9A6HJ|FE7|½E/G_7>*W=9DFE
g
>*G_LUC9HJE/G_/AF{LD6HJ>*G
N9EN9E/@)Ù{/DMLDF|½H-GpDFE/A6{7N)H]LH-AFE7|
Î
ÈÉE/=?E/G&N&LGpDÇ<>*G7>*G&|6DMLDFEIJEVLAML*/DFÍ/AFE;N)H?@&|6H(N)@|FFÌ&{/VL 3I]L
N)HJ|F7>*GpD6H-Gw@9H-DF{WE7|6DaN)H¯@&|F{7E#ﬀ$ÇVLHJ|7E/I]LE7|6DN L@ "LH-Da~w@&E½=?>*@9AIJE7|}DFE7|FDBAF{LI-HJ|F{7|BHJ/H"Ç?>*GL=9A6HJ|
@9G&E,ÅLIJE/@9A}N)@.=LAMLÍ/D6AFE α 7>*G&|6DMLGpDFE
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solution exacte
SRNHR−alpha=1.1
ROE
RUSANOV
,.- / 0
,
Î
F
!
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solution exacte
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Î
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!
Æ)|6DFÍ/E,I-H-G&{LH-AFEA@ u2
	D ^7|
−10 −8 −6 −4 −2 0 2 4 6 8 10
−7
−6
−5
−4
−3
−2
−1
0
1
2
3
solution exacte
SRNHR−alpha=1.1
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,.- / 0
,
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!
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
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ÃtE½|6ÆÛ|FDFÍ/E,N9E
!
LH-GwD·Ê"Ô³E/GLGpDÇ|MLG&|(DFE/A6EO|F>*@9AF7EÇ&|

{7/A6H-DB|F>*@&|I]Lﬁ>*A6E
g
∂U
∂t
+
∂F (U)
∂x
= 0
U(x, 0) = U0(x),
LÅ E7
U =
(
h
hu
)
, F (U) =
(
hu
hu2 + 12gh
2
)
.
h N9{7|6H-KG&E,I]L^ÌL@9DFE/@9ABN9EaI

EL@ E/D g Ç)I]Lﬁ>*AF7E,N9E,KAML7ÅÛH-DF{
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ÃÜLWVLD6A6HJ7E 6L*7>*C9HJE/G9G&E^L*|F|F>Û/HJ{7E,E7|6D(N9{$Ý&G9HJE,=LA A =
[
0 1
hg − u2 2u
]
Î
!
E7|ÅLIJE/@9AF|=9AF>*=9AFE7|±|F>*GwD λ1 = u− c E/D λ2 = u+ c ﬁLÅ E7 c =
√
gh ﬀ E/D|ME7| Å E7/DFE/@9AF|(=9AF>*=9AFE7|,
N)AF>*H-DFE R =
[
1 1
u− c u+ c
]
Î
ÃtE7|}H-GwÅLA6H]LGwDF|N9E,Õ(HJE/VLG9G =¯>*@9A±IJEO|6Æ)|6DFÍ/E,N9E
!
LH-GpD·Ê"Ô³E/GLGwD,|F>*GwDBN9>*G9G&{7|±=LA
∂Wk(u)
∂t
+ λk
∂Wk(u)
∂x
= 0.
ﬂ
IJ|(|

{7/A6H-Å E/GpD}HJ/H W1(U) = u− 2c E/D W2(U) = u+ 2c Ç&E/D(Å {/A6H ÝE/GpD}IJE,|6Æ)|6DFÍ/E
∂(u− 2c)
∂t
+ (u− c)∂(u− c)
∂x
= 0
∂(u+ 2c)
∂t
+ (u+ c)
∂(u+ c)
∂x
= 0.
 ,
Î
ﬃ, ﬀ
ÃtE7|,7>*G&N)H-D6HJ>*G&|OL@)ÙTI-H-WH-DFE7|Ç?H-W=?>|M{7E7||F@9ABIJE7|aÅLA6H]LC9IJE7|=9ÌwÆ)|6HJ~w@&E7|Ç?|M>*GwDaD6AMLH-DF{7E7|,N9E^I]L"L;7>*G
|6@9H-ÅLGwDFE
g
Ø³GE/GwD6AF{7E  x = x0
ﬀ
g
 |6H λ1(u(x1))
E/D λ2(u(x1))
|F>*GpDB=¯>|6H-D6H-Å E7|Ç>*GTN)H-D~w@&E©I

{77>*@9IJE/E/GwD,E7|6DBDF>*A6AFE/GwD6HJE/I
Î<ﬂ
I
ﬁL@9D½LIJ>*AF|½H-W=?>|FE/A,@9G&EV7>*G&N)H-D6HJ>*G_|6@9A,IJE7|ON9E/@)ÙXH-GpÅ*LA6H]LGpDF|©N9EWÕ}HJE/VLG9G W1(u(x0))
E/D W2(u(x0))
Ç)7Ea~w@9HE7|6D{7~w@9H-ÅLIJE/GwD*©H-W=¯>|FE/AIJE7|N9E/@)ÙÅLA6H]LC9IJE7|=9ÌwÆ)|6HJ~w@&E7| u¯ E/D h¯
Î
ÃÜL	ÅLIJE/@9A(N9E,I]L^Å*LA6H]LC9IJE½N

{/DMLDBE/G E/GwD6AF{7E©E/G N9{77>*@9IJE
Î
 |6H λ1(u(x1)) < 0
E/D λ2(u(x1)) > 0
LIJ>*AF|tH-I"L@9DH-W=¯>|FE/At@9G&E³7>*G&N)H-D6HJ>*G½|F@9A W2(u(x0))
Î
Ú
AÇ9I]L^AFE/I]LD6HJ>*G  ,
Î
ﬃ, ﬀN9>*G9G&E[
u¯− 2c¯
u¯+ 2c¯
]
=
[
unx1 − 2
√
ghnx1
u¯+ 2c¯
]
⇒ u¯− 2c¯ = unx1 − 2
√
ghnx1 .
}H-G&|6H"Ç9|FH u¯ E7|6D(N9>*G9G&{7EÇ&I]L^ÅLIJE/@9A}N9E h¯ |FE/AML	LIJ/@9IJ{7E½N9EaI]LWVLG9HJÍ/AFEO|6@9H-ÅLGwDFE g
(u¯− unx1)
2
√
g
= (
√
h¯−
√
hnx1)
⇒ h¯ =
[√
hnx1 +
(u¯− unx1)
2
√
g
]2
,  ,
Î
2G ﬀ
N

>tÇ&=?>*@9A(I]L^ÅLA6H]LC9IJEO7>*G&|FE/A6ÅLD6H-Å EÇ U¯ =
[
h¯
h¯u¯
]
Î
Ø³G|F>*A6D6HJE x = xl
ﬀ
g
 |6H λ1(u(xN−1)) > 0
E/D λ2(u(xN−1)) > 0
ÇÉI

H-G?ﬁ>*A6VLD6HJ>*G ÅÛHJE/GwD.N9ETI

H-GwDF{/A6HJE/@9A N)@
N9>*VLH-G&E
g
>*GOG

L}N9>*G&¤=L*|tC¯E7|F>*H-G½N9E 7>*G&N)H-D6HJ>*G½=LA6D6HJ/@9I-HJÍ/AFE
ÎÚ
G©N)H-DÜ~p@&E¤I

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E7|6D±DF>*A6AFE/GwD6HJE/I
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 |6H λ1(u(xN−1)) < 0
E/D λ2(u(xN−1)) > 0
ÇH-I7"L@9D,@9G&E7>*G&N)H-D6HJ>*G|6@9A½I

H-GwÅLA6H]LGwD©N9E
Õ(HJE/VLG9G W1(u(xl))
E/DH-InG

ÆTLW=L*|aN9E©7>*G&N)H-D6HJ>*GX|6@9A W2(u(xl))
Î
Ã

{77>*@9IJE/E/GwD©E7|6D
LIJ>*AF|(N)H-D E&@9ÅÛH]LI
Î
Ú
AÇ [
u˜− 2c˜
u˜+ 2c˜
]
=
[
u˜− 2c˜
unxN−1 + 2
√
ghnxN−1
]
⇒ u˜+ 2c˜ = unxN−1 + 2
√
ghnxN−1 .
}H-G&|6H"Ç9|FHt>*G 7>*G9GLH-D h˜ Ç9I]L^ÅLIJE/@9A}N9E u˜ E7|FD}LIJ/@9IJ{7E,=LA(I]L^AFE/I]LD6HJ>*GT|6@9H-Å*LGpDFE g
u˜ = unxN−1 + 2
√
g(
√
hnxN−1 −
√
h˜).  ,
Î
ﬃ- ﬀ
ÃÜEO|6Æ)|6DFÍ/Ea=9AF{77{7N9E/GwD=?E/A6E/DBN

>*C9DFE/G9H-A h˜ E/D u˜ N9>*G& U˜ Ç)VLHJ|}HJ/H"Ç&7E/I]L	AFE/ÅÛHJE/GwD}N9>*G& 
@9D6H-I-HJ|ME/A³N9E7|¤7>*G&N)H-D6HJ>*G&| N9E 
BE/@9VLG9G 3{/D6Ì&>pN9E±{7~p@9H-Å*LIJE/GpDFE*7E/I-IJE@9D6H-I-HJ|MLGwD N9E7|VLH-I-IJE7|
WH-AF>*H-AF| ﬀ$ÇLIJ>*AF|}~p@&E,7E,G
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Ú
GT7>*W=LAFEÇ WG&>*@9Å EL@tÇ?IJE7|
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BÕ"ﬁL7Å E7 αn
j+ 1
2
= 1, 1 ﬀ$ÇN9EOÕB>pE,E/D}N9E
Õ}@&|MLG&>Å¯Ç" cfl = 0.5
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G=9AFE/G&NXN9E7|a7>*G&N)H-D6HJ>*G&|,H-G9H-D6H]LIJE7|,N)HJ|F7>*GpD6H-Gw@&E7|½7>*A6AFE7|F=?>*G&N&LGpD @9GXL*|aDFE7|6DaN9E^A6@9=9D6@9AFEWN9E
CLA6AMLK E
g
U(x, 0) =
{
h0 = 5m
u0 = 0.2ms
−1
|6H x ≤ 0, U(x, 0) =
{
h0 = 1m
u0 = 1ms
−1
|6H x > 0,
E/D(IJE7|}7>*G&N)H-D6HJ>*G&|BL@)ÙUI-H-WH-DFE7|}|F>*GpD
g
E/GXE/GpD6AF{7E (x = x0)
Ç?>*GH-W=?>|ME u¯ = 2 E/DaI]LVÅ*LIJE/@9A,N9E h¯ |FE/AMLLIJ/@9IJ{7E	=LAaI]LAFE/I]LD6HJ>*G
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Î
2G ﬀ
Î
E/G|M>*A6D6HJE (x = xl)
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z(x) =
{
0 si x ≤ 0
1 si x > 0
h0(x) =
{
5 |6H x ≤ 0
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u0(x) =
{
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9 |6H x > 0,
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Courbe d’erreur de la hauteur de l’eau, t=0.7,cfl=0.95
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Courbe d’erreur de la hauteur de l’eau, t=0.7, cfl=0.95
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h0(x, y) =
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6 |FH x ≤ 6, ∀y ∈ [0; 1]
2 |FH x > 6, ∀y ∈ [0; 1]
u0(x, y) = v0(x, y) = 0, ∀x ∈ [0; 12], ∀y ∈ [0; 1].
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∀(x, y) ∈ Ω ⊂ R2, t ∈ R+ Ç

∂h
∂t
(x, y, t) +
∂(hu)
∂x
(x, y, t) +
∂hv
∂y
(x, y, t) = 0
∂(hu)
∂t
(x, y, t) +
∂(hu2 + 12gh
2)
∂x
(x, y, t) +
∂hv
∂y
(x, y, t) = −gh(x, y, t) ∂z
∂x
(x, y)
∂(hv)
∂t
(x, y, t) +
∂hv
∂x
+
∂(hv2 + 12gh
2)
∂y
(x, y, t) = −gh(x, y, t)∂z
∂y
(x, y)
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h(x, y, 0) = h0(x, y)
(hu)(x, y, 0) = (hu)0(x, y)
(hv)(x, y, 0) = (hv)0(x, y)
z(x, y) N9>*G9G&{

ﬂi&q]kuÛou

k

uku%ﬂ*ouVv

s"ﬂ ! uKO
ÃtE±D6AMLH-DFE/E/GwDN)@DFE/A6E(|M>*@9AF7E}La@9GKAMLG&N9E}H-G E&@&E/G&7E
|6@9A}I]L	=9AF{7/HJ|6HJ>*G N)@T|FFÌ&{/VL
Î
Þn>*@9A7EO=9AF>*C9IJÍ/E©>*G L=9=9AF>pMÌ&E½IJEODFE/A6E½|F>*@9AF7EÇE/G @9D6H-I-HJ|MLGwDÇ'
I

{/DML=¯EO7>*A6AFE7/DFE/@9AÇ&I]LW{/D6Ì&>pN9EON9E½×aAFE7E/G|6@9H-ÅLGwDFE
g
∫
ci
−gh∂z
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dxdy = −ghi
∫
∂ci
zi.(nij)xdσ = −ghi
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h0(x, y) =
{
6 |FH x ≤ 6, ∀y ∈ [0; 1]
2 |FH x > 6, ∀y ∈ [0; 1]
u0(x, y) = v0(x, y) = 0, ∀x ∈ [0; 12], ∀y ∈ [0; 1].
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G =9AFE/G&N VLH-GwDFE/GLGwDIJE7|(7>*G&N)H-D6HJ>*G&|
h0(x, y) =
{
5 |FH x ≤ 6, ∀y ∈ [0; 1]
1 |FH x > 6, ∀y ∈ [0; 1]
u0(x, y) =
{
−4 |FH x ≤ 6, ∀y ∈ [0; 1]
9 |FH x > 6, ∀y ∈ [0; 1]
v0(x, y) = 0, ∀x ∈ [0; 12], ∀y ∈ [0; 1].
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h0(x, y) =
{
4 |6H x ≤ 6, ∀y ∈ [0; 1]
0, 1 |6H x > 6, ∀y ∈ [0; 1]
u0(x, y) = v0(x, y) = 0, ∀x ∈ [0; 12], ∀y ∈ [0; 1].
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Bürgers non homogène, t=2, np=200.
Solution exacte
SRNHR; Choix 2 )
SRNHR; Choix 1
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Hauteur de l’eau ,t=0.5 , np=400
Solution exacte
SRNHR; Choix 2
SRNHR; Choix 1
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